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The topaz-bearing rhyolites from the San Luis Potosi area (Mexico) :
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Abstract. – In Mexico, the topaz-bearing rhyolites occur mainly in the San Luis Potosi area (San Luis Potosi and
Guanajuato States). These rhyolites appear as domes related to the Tertiary extensional tectonism. Three domes of the
San Luis Potosi volcanic field were selected for study, according to the color, the habits and the size of the topaz they
contain, in order to determine the characteristics of the lava and the growth conditions of the topaz. These rhyolites are
high-silica, metaluminous to slightly peraluminous and alkali-rich lavas. They are enriched in fluorine and in incompati-
ble lithophile elements such as Rb, Cs, Ta, U and Th and depleted in Ba, Sr, Ca, Mg, Ti and Ni. Therefore, they are very
similar to the topaz-bearing rhyolites from western United States. In Cerro El Gato dome, both amber-colored and col-
orless topazes crystallized in voids and fractures. Comparing these different crystals with respect to their growth envi-
ronment, habits, chemical compositions and EPR characteristics provides an explanation for the crystallization
conditions and color of topaz. Colorless topaz from Cerro El Gato crystallized at a temperature above 500oC (lack of
color centers) from fluids enriched in elements leached from the lava, whereas the amber-colored topaz crystallized be-
low 500oC (based on the presence of color centers) and from fluids richer in volatile elements (As). In Cerro El Lobo,
the topaz have intermediate characteristics between the colorless and the amber-colored topazes of Cerro El Gato.
Les rhyolites à topaze de la région de San Luis Potosi (Mexique) : caractéristiques des laves
et conditions de croissance des topazes
Mots clés. – Rhyolites à topaze, Mexique, Topaze, Conditions de croissance, Fluides
Résumé. – Au Mexique, les rhyolites à topaze se rencontrent principalement dans la région de San Luis Potosi (Etats de
San Luis Potosi et de Guanajuato). Ces rhyolites se présentent sous la forme de dômes mis en place lors d’une tecto-
nique en extension d’âge tertiaire. Trois dômes du champ volcanique de San Luis Potosi ont été retenus pour cette étude
en fonction de la couleur, de la forme et de la taille des topazes qu’ils contiennent afin de déterminer les caractéristiques
des laves et les conditions de croissance des topazes. Ces rhyolites, riches en silice et alcalins, sont méta-alumineuses à
légèrement hyper-alumineuses. Elles sont enrichies en fluor et en éléments incompatibles comme Rb, Cs, Ta, U et Th et
appauvries en Ba, Sr, Ca, Mg, Ti et Ni. De ce fait elles apparaissent très comparables aux rhyolites à topaze de l’ouest
des Etats-Unis. Le Cerro El Gato contient des topazes soit de couleur ambre, soit incolores qui ont cristallisé dans des
géodes et des fractures. En prenant en compte le milieu de croissance, la morphologie, la composition chimique et les
caractéristiques RPE de ces différents cristaux, il est possible de proposer un modèle de cristallisation et d’expliquer les
différences de couleur observées. Ainsi, les topazes incolores du Cerro El Gato ont cristallisé à une température supé-
rieure à 500oC (absence de centres colorés) et à partir de fluides enrichis en éléments lessivés de la lave, alors que les to-
pazes de couleur ambre ont cristallisé à une température inférieure à 500oC (présence de centres colorés) et à partir d’un
fluide plus riche en éléments volatils (As). Les topazes du Cerro el Lobo ont des caractéristiques intermédiaires entre
celles des topazes incolores et des topazes ambres du Cerro El Gato.
INTRODUCTION
Topaz-bearing rhyolites are well represented in Mexico.
They belong to a Tertiary felsic volcanic belt, which ex-
tends from central Mexico to the western United States. In
the Sierra Madre Occidental (Mexico), the lavas erupted
during the climax of the calc-alkaline magmatism, between
32 and 27 Ma (Middle Tertiary) [Cameron et al., 1980 ;
Huspeni et al., 1984]. Topaz-bearing rhyolites are located
along the eastern side of the Sierra Madre Occidental, from
America and Cerro de Los Renidios deposits (Durango
State) to the north, to Apulco deposit (Hidalgo State) to the
south, but are mainly developed in the San Luis Potosi area
(San Luis Potosi and Guanajuato States) [Foshag and Fries,
1942 ; Sinkankas, 1959, 1976 ; Menzies, 1995].
In the San Luis Potosi area, rhyolites appear as domes
emplaced during Tertiary extensional tectonism [Labarthe-
Hernandez et al., 1982 ; Tristan Gonzales, 1986 ; Aguillon-
Robles et al., 1994]. They commonly contain topaz crystals,
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which are usually rather small. However rare crystals may
reach 15 cm in length, and a flawless cut stone of 25 ct is
described from this area [Sinkankas, 1976]. Little geoche-
mical data are available from these Mexican occurrences
and little is known about the growth conditions of topaz.
Among all the volcanic domes of the area, three of them
were selected for study according to the color, the habits
and the size of the topaz they contain : Cerro El Gato, Cerro
Silva and Cerro El Lobo. The aim of this paper is to deter-
mine the characteristics of the lava and the growth condi-
tions of topaz.
GEOLOGICAL SETTING
The Cerro El Gato, Cerro Silva and Cerro El Lobo domes
are located 40 km south of San Luis Potosi, on a high pla-
teau, at an average altitude of 2 000 m [Aguillon-Robles,
1994] (fig. 1). They belong to the San Miguelito Formation,
which was dated at 30.0 ± 1.5 Ma (K-Ar on whole rock)
[Labarthe-Hernandez et al., 1982] and 29.2 ± 0.8 Ma (K-Ar
on biotite) [Aguillon-Robles et al., 1994] on a sample from
Cerro El Gato dome. The San Miguelito Formation is over-
laid by the Cantera ignimbrite and then by the Panalillo For-
mation, which corresponds to rhyolitic ignimbrite and
pyroclastic tuffs (26.8 ± 1.3 Ma ; K-Ar on whole rock)
[Labarthe-Hernandez et al., 1982].
The present surface area of Cerro El Gato and Cerro
Silva is approximately 28 and 24 km2 for an estimated pres-
ent day volume of 4.3 and 3.4 km3 respectively (1/3 of the
initial volume of lavas was eroded). Cerro El Lobo is a
smaller dome with a surface area of only 1 km2. Their for-
mation is not associated with tephra deposits, and no sign of
explosive activity is observed. In the field the only known
breccia is a monogenic breccia present to the southeast of
Cerro Silva which is interpreted as the basal breccia. The
formation of these domes is thus related to a passive and
rather continuous eruption, with internal swelling of the
domes (concentric growth) [Burt and Sheridan, 1987]. The
vents are associated to N130-150oE faults that correspond
to regionally developed directions. Using the flow foliation
of the lava, Aguillon-Robles [1994] shows that the vent of
Cerro Silva is displaced to the northern part of the dome,
whereas the Cerro El Gato vent is displaced toward its
southwestern part (fig. 2a). Field evidence indicates that
Cerro El Gato erupted after Cerro Silva.
The Cerro El Gato and Cerro El Lobo domes are also
characterized by the presence of topaz. In Cerro El Gato,
the topaz-rich zones (up to 2 m in width) are located along
the southeastern border of the dome, where Sn anomalies
have been also described (fig. 2b), in relation to the folding
of the flow foliation plane of the lava (fig. 2a). Topaz crys-
tallized in a more or less anastomosed network of fractures
and irregular and elongate voids (some 10 cm long), parallel
to the flow foliation in a bleached lava (fig. 3a). The color
and the habit of topaz depend on its location in the mineral-
ized structure. It is yellow to amber-colored in the central
part of the network (fig. 3b), and becomes colorless, some-
times with red to black iron oxide inclusions, toward the
border (fig. 3c), then colorless without any solid inclusions
some meters away from the axis of the structure (fig. 3d).
Farther, topaz appears as polycrystalline crystals arranged
on the flow foliation planes (fig. 3e). In Cerro El Lobo, the
topaz crystallized in small, closed and isolated spherical
vesicles (less than 2-3 cm in diameter), disseminated
throughout the bleached lava in the border of the dome
(fig. 3f). The crystals are very pale-yellow gemstones, asso-
ciated with quartz and hematite and they do not exceed 5
mm in length (fig. 3g).
MINERALOGICAL AND GEOCHEMICAL
CHARACTERISTICS OF THE TOPAZ-BEARING
LAVAS
In the three domes, the lava (San Miguelito lava) is greyish
with a porphyritic texture. The phenocrysts (25-35 %) have
an average size of 2-4 mm. They are sanidine, quartz,
plagioclase and biotite. In Cerro Silva, the matrix is more or
less crystallized. It is still vitreous in the vent area of Cerro
El Gato, but it becomes completely holocrystalline toward
the border of the dome, where vapor phase crystallizations
(topaz, quartz, hematite platelets) are observed. In these to-
paz-rich zones, the lava has been bleached. A basal
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FIG. 1 – Simplified geological map of Cerro Silva, Cerro el Gato and Cerro
El Lobo (San Luis Potosi State, Mexico) and location of the studied to-
paz-rich zones [from Aguillon Robles, 1994]. 1 – San Miguelito rhyolite ;
2 – Cantera ignimbrite ; 3 – Panalillo rhyolite ; 4 – Quaternary.
FIG. 1 – Carte géologique simplifiée des domes Cerro Silva, Cerro El Gato
and Cerro El Lobo (Etat de San Luis Potosi, Mexico) et localisation des zo-
nes riches en topaze [from Aguillon Robles, 1994]. 1 – rhyolite San Migue-
lito ; 2 – ignimbrite Cantera ; 3 – rhyolite Panalillo ; 4 – Quaternaire.
vitrophyre can be observed to the south of Cerro Silva, near
the contact with the Cerro El Gato lava.
Mineral analyses were carried out on polished thin sec-
tions using an electron microprobe (Cameca – SX50 appa-
ratus, Henri Poincaré-Nancy 1 University) equipped with
wavelength dispersive spectrometers. Rock samples and to-
paz crystals were analyzed (more than 50 major and trace
elements) by inductively coupled plasma (ICP) methods
(ICP-AES and ICP-MS, CRPG – Nancy).
In the lava from Cerro Silva [Rodriguez-Rios, 1997],
K-feldspar is sanidine (Or 59.2-68.7, Ab 30.3-39.8) and
plagioclase is oligoclase (An 16.7-29.3, Ab 64.7-76, Or 4.9-
7.3). In the basal vitrophyre, sanidine is K-richer (Or 70-73,
Ab 26-29) and plagioclase is slightly richer in Ca (An 23.5-
29, Ab 66-69.4, Or 5.0-7.1). Biotite from this basal
vitrophyre (fig. 4) is annite with a rather homogeneous XFe
value [Fe/(Fe+Mg), between 0.71 and 0.73], Fe+Mg = 5.19
to 5.24, a Σ Al (IVAl only) value between 2.28 and 2.43 and
Ti between 0.57 and 0.61. In other samples, the biotite XFe
varies according to the crystallization grade of the matrix,
0.62-0.67 when partly crystallized and 0.86-0.92 when en-
tirely crystallized, whereas the other characteristics
(Fe+Mg, Σ Al, VIAl/IVAl, Ti) remain similar. The same min-
erals are encountered in Cerro El Gato. Outside the to-
paz-rich zone, K-feldspar is sanidine (Or 49-59, Ab
41.2-50) and plagioclase has an oligoclase composition (An
16-17.2). Annite (fig. 4) is slightly more Fe- and Al-rich
than at Cerro Silva, with an XFe between 0.87 and 0.89
(Fe+Mg = 4.52 to 5.74) and a Σ Al between 2.5 and 3.65.
These domes [Rodriguez-Rios, 1997] (tabl. I) consist of
Si- (> 75 %) and alkali-rich (mainly K) rhyolites. However
some differences can be observed between them. Outside
the topaz-rich zone, Cerro El Gato is slightly Al- and al-
kali-richer than Cerro Silva. Their Na2O and K2O contents
are respectively 2.7-3.3 wt % and 4.8-5.2 wt % (K2O/Na2O
= 1.5-1.9) for Cerro El Gato, 1.8-2.8 wt % and 4.7-5 wt %
(K2O/Na2O = 1.9-2.7) for Cerro Silva. The Cerro Silva
vitrophyre is K-richer (6.24 wt % K2O) and Na-poorer (1.75
wt % Na2O) with K2O/Na2O = 3.56, but with a LOI two to
three times higher, that may correspond to a Na+-H3O+ ex-
change during glass hydration. Their fluorine content
ranges from 0.1 to 0.35 wt %. In a primitive-mantle-normal-
ized spider diagram [Hofmann, 1988] (fig. 5), all the lava
samples are enriched in incompatible lithophile elements
such as Rb, U, Th (Th/U between 3.2 and 4.6), and strongly
depleted in Ba, Sr, Eu, Ti, and Ca. However, the Cerro El
Gato rhyolite is Al, Rb, Nb, Ta and Hf-richer and Ba, Sr,
Ca, Ti, Y and REE – poorer than the Cerro Silva rhyolite.
The rare-earth elements are not strongly fractionated
(La/YbN, 1.4-3.4 for Cerro El Gato, 1.5-9 for Cerro Silva,
0.7 for Cerro El Lobo) and the Eu anomaly is strongly nega-
tive (< 0.1, fig. 6a). The Cerro El Lobo rhyolite is rather
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FIG. 2 – a – Map of flow foliation of the lava of Cerro El Gato and Cerro Silva [Aguillon Robles, 1994]. b – Radiometric map of Cerro El Gato and Cerro
Silva (count number per second using a Geometrix EGG, GR 110 model) [Rodriguez-Rios, 1997, data from Aguillon Robles, 1994]. The highest radiome-
tric levels also correspond to the hydrothermally altered area where Sn anomalies and topaz crystals formed.
FIG. 2 – a – Carte des fluidalités des laves des Cerro El Gato et Cerro Silva [Aguillon Robles, 1994]. b – Carte des levés radiométriques en coup/seconde
obtenus à l’aide d’un compteur Géometrix EGG modèle GR 110 [Rodriguez-Rios, 1997, données de Aguillon Robles, 1994]. Les zones anomales corres-
pondent aussi au secteur du Cerro El Gato altéré hydrothermalement et où des anomalies à Sn et les zones à topaze se sont formées.
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similar. The main difference is that it is more strongly de-
pleted in Ba, Sr, Ca and REE than the two others.
In the topaz-rich zone of Cerro El Gato, mineralogical
and chemical differences can be observed. In the bleached
lava, K-feldspar is K-richer (Or 62.2-67, Ab 33-36.7) and
biotite analyses indicate an increase of XFe, Σ Al, VIAl and
VIAl/IVAl, and a decrease of Fe+Mg and Ti toward the cen-
tral part of the topaz-rich zone (fig. 4). Chemically, Sn is
depleted and U, Th, Y and REE (fig. 6b) are enriched.
When plotted in a A-B diagram [Debon and Le Fort, 1983]
(fig. 7), the lavas belong to the peraluminous field, but this
aluminous character clearly increases in relation to the vi-
cinity of topaz or the presence of vapor-phase crystalliza-
tion and can be related to fluid circulations during cooling
and devitrification (degassing and vapor-phase stage). This
aluminous character is therefore secondary and the lava
cannot be considered as peraluminous.
Thus, if we consider the less modified samples, the lava
from these domes appears as K-calc-alkaline to more proba-
bly shoshonitic (high Th and Y-content) and alkali-rich but
not per-alkaline (low Zr-content).
THE TOPAZ
In order to explain the differences among gemstones and to
define their growth conditions, several analytical proce-
dures have been applied [Dewonck, 1996 ; Dewonck et al.,
1998] : two-circle optical goniometer (for mm-sized crys-
tals) or self-collimating telescope (for cm-sized crystals)
for habits and crystallographic parameters, ICP-AES, ICP-
MS, atomic absorption and potentiometry for chemical
composition, spectroscopic methods (infrared and electron
paramagnetic resonance) for color centers. Unfortunately,
fluid inclusions are lacking.
According to Dewonck [1996] and Dewonck et al.
[1998] data, the main results are as follows :
1. the smallest topaz from Cerro El Lobo presents the
most complex habits (eleven prisms and bi-pyramidal faces)
(fig. 3g), whereas the largest crystals from Cerro El Gato,
whatever their color, present the simplest habits (only six or
seven facets) (fig.3b, c and d) ;
2. chemically (tabl. II), their trace element contents are
more distinctive than their major element composition and
depend on the color and the location of topaz. The trace ele-
ment (Ba, V, U, Th, Cr, Ni, Cu, Zn, Zr, As) content of col-
orless topaz increases toward the central part of the
mineralized structure and amber-colored topaz in this cen-
tral part is richer in volatile elements such as As but de-
pleted in the other elements (fig. 8). Topaz from Cerro El
Lobo presents an intermediate composition, with both vola-
tile and metallic elements;
3. the IR-spectra indicate a very low OH-group content
and thus confirm the dominant F character for all the crys-
tals [Londos et al., 1992] ;
4. Fe3+ is present in the EPR-spectra for all the topaz
samples, but different additional lines appear or not accord-
ing to crystal color (fig. 9). The EPR-spectrum of am-
ber-colored topaz exhibits several lines that are related to X
(hole-center e+) and A and B (electron centers e-) color-cen-
ters [nomenclature according to Dickinson and Moore,
1967]. In contrast to that of the amber-colored topaz, the
EPR-spectrum of the colorless crystals does not show addi-
tional lines that can be assigned to color centers. In the yel-
lowish topaz from Cerro El Lobo, only the X-hole center is
observed ;
5. various studies indicate that the color can be related
to the presence of transition group metal impurities in the
topaz structure, such as Fe [Grigoríev, 1965, in : Hoover,
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FIG. 3 – a – The anastomosed network of fractures and elongated cavities where topaz crystallized, as exposed in a mined trench of the Cerro El Gato.
Around the cavities, the lava is bleached due to chemical leaching.
b – amber-colored topaz from the central part of the mineralized zone (22 × 11 mm, 12.85 ct)
c – colorless topaz with Fe-oxides inclusions in the border of the altered zone
d – colorless topaz some meters away from the axis of the structure (7 × 10 mm, 3.5 ct)
e – polycrystalline topaz crystals arranged on the flow foliation planes
f – the spherical-shaped, closed and isolated cavities (1-2 cm max.) of Cerro el Lobo
g – small very pale-yellow topaz from Cerro El Lobo (5.5 × 4 mm, 0.6 ct)
FIG. 3 – a – Réseau anastomosé de fractures et de cavités allongées où les topazes ont cristallisé, visible dans une tranchée du Cerro El Gato. Autour des
cavités, la lave est décolorée par suite du lessivage.
b – topaze ambre de la partie centrale de la structure minéralisée (22 11 mm, 12.85 ct)
c – topaze incolore à inclusions d’oxydes de fer en bordure de la zone altérée.
d – topaze incolore à quelques mètres de l’axe de la structure (7 10 mm, 3.5 ct)
e – cristaux de topaze polycristalline disposés dans le plan de foliation de la lave
f – cavités sphériques, fermées et isolées (1-2 cm max) du Cerro El Lobo
g – petite topaze jaune très pale du Cerro el Lobo (5.5 4 mm, 0.6 ct).
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FIG. 4 – Crystallographic characteristics of biotite from Cerro El Gato
(dashed line) and Cerro Silva (continuous line). The arrow indicates the
evolution of the biotite characteristics toward the central part of the alte-
red topaz-rich zone.
FIG. 4 – Caractéristiques cristallographiques des biotites du Cerro el
Gato (trait pointillé) et du Cerro Silva (trait continu). La flèche indique
l’évolution des caractéristiques des biotites en se déplaçant vers le centre
de la zone altérée à topaze.
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1992 ; Nassau and Prescott, 1975], Ni and Co [Deer et al.,
1982], Cr [Nassau and Prescott, 1975; Gübelin and Koivula,
1986, In : Hoover, 1992] or Ti [Kievlenko et al., 1982, in :
Hoover, 1992]. In the studied topaz, these elements are ei-
ther lacking (Co, Ti), more abundant in the colorless crys-
tals than in the amber-colored ones (Cr, Ni), or present in
all the crystals, whatever their color (Fe) and thus cannot be
considered as responsible for the amber color. Thus the
Bull. Soc. géol. Fr., 2002, no 6
584 J.L. LEROY et al.
1 2 3 4 5 6 7 8 9 10 11
SiO2 74.48 77.47 77.34 77.76 75.81 76.14 76.27 76.79 76.30 75.56 75.11
Al2O3 11.97 11.16 11.37 11.32 12.69 12.96 12.75 12.28 12.59 12.79 13.67
Fe2O3t 1.30 1.21 1.20 1.35 1.30 1.33 1.40 1.40 1.45 1.31 1.30
MnO 0.02 tr tr tr tr tr tr tr tr 0.02 tr
MgO 0.57 0.04 0.04 0.08 0.10 0.04 0.03 0.08 0.08 0.05 tr
CaO 0.62 0.38 0.47 0.24 0.47 0.16 0.19 0.24 0.18 0.19 0.08
Na2O 1.75 2.49 2.75 1.85 3.20 3.16 3.32 2.92 2.73 3.20 3.01
K2O 6.24 4.78 4.77 4.95 5.06 5.15 5.07 4.93 5.16 4.85 5.21
TiO2 0.09 0.09 0.09 0.11 0.07 0.07 0.06 0.09 0.07 0.07 0.05
P2O5 tr tr tr 0.02 0.02 0.02 0.02 tr tr 0.02 tr
LOI 3.09 1.26 1.13 2.06 1.08 0.87 0.76 1.12 1.26 1.26 1.22
FeO 0.25 0.05 0.26 0.04 0.01 0.06 0.12 0.31 - 0.17 0.20
CO2 0.02 0.06 0.03 0.09 0.04 0.08 0.09 0.05 - 0.46 0.22
F 0.18 0.08 0.10 0.06 0.35 0.21 - 0.17 - 0.25 0.12
As 21.1 19 19.9 5.7 9.7 13 13.3 9.4 12.5 11 31.5
Ba 71.7 625 101 276 21.8 16.9 13 34.3 16. 61.8 0.9
Be 6.5 5.4 6.8 4.3 11.3 11.6 11.3 9.9 10.2 10.1 19.2
Cd 0.3 0.1 0.1 0.2 0.2 0.3 0.1 0.1 tr 0.2 tr
Co 0.6 0.2 0.3 0.5 0.2 0.2 0.8 0.3 0.3 0.4 66.4
Cr 1.3 1.7 3.4 2.7 3.7 5 tr 3.1 tr 3.2 1.2
Cs 15.9 11.1 10.1 10.4 14.9 20.1 12.8 11.2 14 20.8 4.3
Cu 3.7 8.4 13.1 6 4.2 25.2 24.3 9.3 7 7.6 4.5
Ga 23.3 21.6 21 21.9 28.6 28.8 29.1 26 30.4 27.5 52.6
Ge 1.9 1.8 1.8 1.7 2.3 2.4 2.3 1.9 2.4 2.4 2.5
Hf 5.5 5.1 4.9 5.6 6.6 6.8 6.7 5.9 7.3 6.3 10.3
Mo 0.9 0.4 0.9 1 1 0.9 1.1 1.4 1.2 1.4 0.8
Nb 21.9 20.6 20.1 19.3 32.4 33.7 34.6 25.2 33 33.7 108
Ni 1.5 1.3 2.3 1.5 1.4 1.4 1.0 2.6 0.6 2.1 tr
Pb 38 34 35 31 40.5 46 42.7 39 39 39.2 58.4
Rb 286 276 265 262 479 484 520 399 538 471 416
Sb 0.7 0.6 0.7 0.4 0.2 0.3 0.5 0.5 0.7 0.4 1.1
Sn 13.7 8.3 11.8 4.6 4 6.1 10.1 11.5 13.2 6 22.6
Sr 13.2 26.5 17.2 26.8 6.8 5.9 4.9 8.9 5.6 12.1 tr
Ta 2.8 2.5 2.5 2.2 4.8 5.1 5.6 3.4 4.9 5.1 13.9
Th 35.7 33.4 33.4 33.8 61.9 55.4 50.8 38.3 25.7 44.7 33.4
U 11 7.5 7.6 4.6 8 7.4 7.4 7.1 6.3 8.1 7.3
V 3 5.2 9.7 6.5 6.3 6.4 3.5 3.1 2.9 11.1 3.1
W 4.5 3.6 3.1 2.8 7.5 7.3 6.1 3.7 6.1 7.3 497
Y 82.2 42 54 48.8 144 43.6 19 31.2 20.8 23.4 32.6
Zn 62.2 43 46 50 66.1 65.2 50 42.8 76.2 52.4 103
Zr 137 125 124 160 134 137 129 141 152 130 158
La 49.22 46.45 50.21 68.43 67.86 37.07 18.10 20.8 11.72 13.25 5.13
Ce 120.0 118.1 96.07 124 121.5 68.52 35.89 50.58 25.69 59.78 21.08
Pr 14.67 12.55 13.95 19.14 19.58 9.57 4.25 4.18 2.17 3.12 1.18
Nd 61.18 48.52 56.04 73.71 78.11 35.45 18.82 15.35 8.15 11.93 4.91
Sm 15.74 10.78 13.12 15.27 21.2 8.13 4.24 3.39 2.13 3.29 2.55
Eu 0.289 0.196 0.198 0.341 0.106 0.091 0.091 0.102 0.059 0.052 0.054
Gd 14.82 8.89 11.11 10.86 19.82 6.72 3.39 3.31 2.21 3.13 3.58
Tb 2.34 1.42 1.73 1.66 3.6 1.19 0.65 0.62 0.45 0.56 0.76
Dy 15.24 8.5 10.28 9.72 22.15 7.18 4.20 4.51 3.14 3.79 5.59
Ho 3.35 1.84 2.28 2.01 5.04 1.62 0.89 1.12 0.80 0.89 1.32
Er 8.2 4.53 5.51 4.9 12.66 4.18 2.24 3.09 2.01 2.37 3.7
Tm 1.26 0.73 0.82 0.78 2.01 0.68 0.44 0.52 0.33 0.44 0.68
Yb 8.45 4.88 5.55 5.1 13.18 4.48 3.19 3.63 2.3 3.34 4.66
Lu 1.19 0.65 0.74 0.71 1.99 0.69 0.46 0.57 0.36 0.48 0.66
TABLE I. – Chemical analyses of selected lava samples from Cerro Silva, Cerro El Gato and Cerro El Lobo (San Luis Potosi, Mexico).
Cerro Silva : 1 – vitrophyre ; 2 and 3 – rhyolites with vitreous matrix ; 4 – rhyolite with vapor phase minerals
Cerro El Gato : 5 to 8 – rhyolites in the vicinity of the topaz-rich zone (sample 5 is located in the central part of the mineralized structure) ; 9 and 10 –
rhyolites sampled outside the topaz-rich area
Cerro El Lobo : 11 – rhyolite with topazes
Elements from SiO2 to F are expressed in wt % and from As to Zr in µg/g ;
(-) = not determined ; (tr) : = traces below the limit of determination
TABL. I. – Analyses chimiques de quelques échantillons de lave des Cerro Silva, El Gato et El Lobo (San Luis Potosi, Mexique).
Cerro Silva : 1 – vitrophyre ; 2 and 3 – rhyolites à matrice vitreuse; 4 – rhyolite avec des minéraux de type "phase vapeur"
Cerro El Gato : 5 to 8 – rhyolites en bordure de la zone riche en topaze (l’échantillon 5 a été prélevé dans l’axe de la structure) ; 9 et 10 – rhyolites
échantillonnées en dehors de la zone à topaze
Cerro El Lobo : 11 – rhyolite à topaze.
Les teneurs des éléments majeurs sont exprimées en poids % et les traces en µg/g;
(-) = non déterminé ; (tr) : = traces en dessous de la limite de détection.
EPR spectra indicate that the color of the crystals cannot be
due to the presence of metallic elements but to the presence
of the color-centers X, A and B.
DISCUSSION
1 – In Mexico, topaz-bearing rhyolites belong to a volcanic
belt, along the eastern side of the Sierra Madre Occidental.
The lava erupted during the climax of the calc-alkaline
magmatism and the domes emplaced during Tertiary
extensional tectonism. The magmatic minerals of the to-
paz-bearing rhyolites from the San Luis Potosi area include
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FIG. 5 – Primitive mantle-normalized element « spider » diagram [from
Hofmann, 1988] for four representative lava, sampled outside the topaz-rich
zone (1, 3, 9 and 11 from table I).
FIG. 5 – "Spider" diagramme de quatre laves représentatives, échantillon-
nées en dehors de la zone à topaze (1, 3, 9 et 11 du tableau I) normalisé au
manteau primitif [d’après Hofmann, 1988].
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FIG. 6 – Chondrite-normalized REE diagrams [from Evensen et al., 1978]
a – for the same four representative samples from Cerro El Gato, Silva
and El Lobo.
b – profile for altered lava, from sample 9 (outside the topaz-rich zone) to
sample 5 (central part of the mineralized structure)
FIG. 6 – Diagramme de terres rares normalisées aux chondrites [d’après
Evensen et al., 1978]
a – échantillons représentatifs des Cerros El Gato, Silva et El Lobo en de-
hors des zones à topaze
b – profil dans les laves altérées, de l’échantillon 9 (prélevé en dehors de
la zone à topaze) à l’échantillon 5 (partie centrale de la structure minéra-
lisée).
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FIG. 7 – The A-B diagram from Debon and Le Fort (1983).
In this diagram all the major elements are considered as millications. The
A parameter illustrates the aluminous character of the rock (peraluminous
rocks when positive, metaluminous rocks which include subaluminous,
metaluminous and peralkaline rocks when negative). The B parameter il-
lustrates the proportion of mafic minerals. The vertical line corresponds to
7 % mafic minerals (limit of the leucogranite field).
FIG. 7 – Le diagramme A-B d’après Debon et Le Fort (1983).
Dans ce diagramme, tous les éléments majeurs sont pris en considération
sous la forme de millications. Le paramètre A indique le caractère alumi-
neux de la roche (roche peralumineuse pour A positif, roche méta-alumi-
neuse, incluant sub-alumineuse, méta-alumineuse et peralcaline lorsque A
est négatif). Le paramètre B représente la proportion de minéraux mafiques.
Le ligne verticale correspond à la limite du domaine des leucogranite avec
7 % de minéraux mafiques.
1 2 3 4 5
As 4.9 71.0 133.0 76.5 12.0
Ba 4.2 8.9 52.0 0.9 1.4
Be tr 0.8 2.7 tr 1.1
Cr 3.3 50.1 45.1 1.0 0.9
Cu 0.9 2.9 2.7 1.0 3.5
Ga 9.3 9.3 10.4 7.7 13.6
Ge 21.8 24.7 21.9 23.8 21.2
Li 70.0 - - 59.0 -
Nb 10.1 5.5 9.3 4.8 12.5
Ni 3.4 17.3 14.5 tr 2.3
Pb 1.1 1.9 1.3 1.0 1.3
Rb 1.6 9.0 3.3 2.4 1.1
Sb 0.1 0.3 0.3 0.3 0.2
Sn 0.3 1.7 1.2 0.3 0.1
Sr 0.2 1.5 1.4 0.2 tr
Ta 2.8 1.7 3.0 1.7 2.8
Th 0.2 2.6 1.3 0.06 0.5
U 0.1 0.7 0.9 0.01 0.4
V 0.1 4.3 3.6 tr 0.5
Zn 2.8 5.3 3.3 1.5 6.0
Zr 5.3 8.5 3.2 1.8 4.4
TABLE II. – Trace-element content (µg/g) of four representative topazes
(San Luis Potosi volcanic area).
Cerro El Gato : 1 is a colorless topaz located some meters away from the
topaz-rich structure ; 2 and 3 are colorless topazes located in the border of
the mineralized structure. They contain Fe-inclusions (2) or not (3) ; 4 cor-
responds to amber-colored topaz from the central part of the topaz-rich
structure.
Cerro El Lobo : yellow-tinted topaz (5)
(tr) = traces ; (-) = not determined
TABL. II. – Teneurs en éléments trace (µg/g) de quatre topazes representa-
tives (champ volcanique de San Luis Potosi).
Cerro El Gato : 1 est une topaze incolore échantillonnée à quelques mètres
de la structure minéralisée ; 2 et 3 sont des topazes incolores en bordure
de la structure minéralisée. Elles contiennent des inclusions d’oxydes de
fer (2) ou non (3) ; 4 corresponds à une topaze ambre provenant de la
partie centrale de la structure minéralisée.
Cerro El Lobo : topaze légèrement teintée en jaune (5)
(tr) = traces ; (-) = non déterminé
sanidine, quartz, oligoclase and annite. Vapor-phase miner-
als (topaz, quartz, hematite) are also present. The lava are
all high-silica rhyolites. They can be considered as K-rich
calc-alkaline to shoshonitic lava (Th and Y-rich lava), but
not peralkaline rhyolites (low Zr-content). They are en-
riched in fluorine (0.2 %) and in incompatible lithophile el-
ements. Their REE patterns are flat (low La/YbN) with deep
Eu anomalies. However differences in mineral composition
and in some chemical element contents are observed be-
tween Cerro El Gato and Cerro El Lobo where topaz ex-
pressed and Cerro Silva which erupted first. Cerro El Gato
and Cerro El Lobo are richer in Na, K, Rb, Al, Nb, Ta, Hf
and poorer in Ba, Sr, Ca, Ti, Y and REE. Some samples
have a secondary aluminous character in relation to fluid
circulations during degassing and/or vapor-phase crystalli-
zation.
The rhyolites from the San Luis Potosi area are thus
very similar to the topaz-bearing rhyolites from western
United States [Christiansen et al., 1983 ; 1986] : extensional
tectoning setting, mineralogy, chemical composition. Their
initial 87Sr/86Sr ratio (0.7054 to 0.7075) [Ruiz et al., 1981 ;
Huspeni et al., 1984] are also similar to the values given by
Christiansen et al. [1986] for topaz-bearing rhyolites from
the United States. This can indicate a similar origin for all
these lavas. According to Christiansen et al. [1983], it
would correspond to the presence of a crystalline Precam-
brian crust at depth and to small degrees of partial melting
of a residual granulitic source with initially low to moderate
Rb/Sr ratio in the lower crust.
2 – Field observations clearly indicate that the crystalli-
zation of topaz was related to the separation of fluids from
the magma (degassing) during cooling and devitrification,
but growth conditions were different according to the dome
studied. In Cerro El Lobo, the vesicles are small and iso-
lated. They can be considered as closed systems with low
abundance of fluid and no evidence of fluid renewal. Such
conditions did not permit the development of large crystals.
On the contrary, in Cerro El Gato, the fluid system was
open. The fluids circulated along the flow foliation planes
as indicated by the presence of polycrystalline topaz on
such planes and were concentrated in open structures to-
ward the border of the dome, where such structures formed
in relation to the folding of the flow foliation planes. The
size of the openings and the possible fluid renewal led to
the crystallization of large crystals. The increase of the
crystal size induced a simplification of the crystal habits.
Due to these fluid circulations, the lava was bleached.
In these zones, mineral compositions were modified.
K-feldspar is K-richer and biotite analyses indicate an in-
crease of XFe, Σ Al, VIAl and VIAl/IVAl, and a decrease of
Fe+Mg and Ti toward the central part of the topaz-rich
zone. Chemically, Sn is leached and U, Th, Y and REE are
enriched. Beside the topaz-rich zone, Sn anomalies are de-
scribed in the same southern part of Cerro El Gato and ra-
diometric mapping indicates a higher radiometric activity in
this hydrothermally altered area (fig. 2b) [Aguillon-Robles,
1994 ; Rodriguez-Rios, 1997].
3 – The EPR spectra (fig. 9) indicate that the color of
the crystals is not due to the presence of metallic elements
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FIG. 8. – Evolution of some characteristic trace element contents of topaz
from Cerro El Gato according to their distance to the axis of the fracture
system.
1 – colorless topaz some meters away from the mineralized structure ; 2 –
colorless topaz with Fe-oxide inclusions in the border of the topaz-rich
zone ; 3 – colorless topaz without solid inclusions in the border of the to-
paz-rich zone ; 4 – amber-colored topaz in the axis of the mineralized struc-
ture.
FIG. 8. – Evolution de la teneur en quelques éléments traces
caractéristiques des topazes du Cerro El Lobo en fonction de leur position
par rapport à l’axe du système de fracture.
1 – topaze incolore à quelques mètres de la structure minéralisée ; 2 – to-
paze incolore avec des inclusions d’oxydes de fer en bordure de la zone
riche en topaze ; 3 – topaze incolore sans inclusions d’oxydes de fer en bor-
dure de la zone riche en topaze ; 4 – topaze de couleur ambre dans l’axe de
la structure minéralisée.
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FIG. 9. – EPR spectra obtained for powdered samples at T = 95K, 9.45 Ghz
with the magnetic field ranging from 0 to 4000 gauss.
a – amber-colored topaz
b – colorless topaz
FIG. 9. – Spectres RPE obtenus sur poudre, à T = 95K, 9.45 Ghz et avec un
champ magnétique variant de 0 à 4000 gauss.
a – topaze ambre
b – topaze incolore.
but to the presence of the color-centers X, A and B. Accord-
ing to Dickinson and Moore [1967], these color centers are
only stable below 500oC. The colorless gemstones thus
crystallized first at a temperature above 500oC, whereas the
amber-colored topaz crystallized later, in the axis of the
system and at a lower temperature, below 500oC. The pres-
ence of only one color center (X) in the Cerro El Lobo to-
pazes could indicate a temperature around 500oC. The
disappearance of a color center after the crystallization of
an amber-colored topaz can occur by heating above 500oC,
and its appearance in a colorless crystal can be the result of
gamma irradiation [Nassau and Prescott, 1975]. Such possi-
bilities are here excluded because both amber-colored and
colorless crystals are hosted in the same rhyolite and are lo-
cated in the same part of the dome, at only some meters
from each other. Moreover, when it exists, the color zoning
is always the same. Such a difference in color is considered
as primary and reflects a difference in the temperature of
crystallization of both topaz and thus a time interval be-
tween their formation, the colorless topaz being slightly
older than the amber-colored topaz.
4 – In Cerro El Gato, the trace element contents of to-
paz vary according to their distance from the axis of the
mineralized structure. The trace element (Ba, V, U, Th, Cr,
Ni, Cu, Zn, Zr, As, Sb) content of the colorless topaz in-
creases toward the mineralized structure (fig. 8) and there
are no major differences in relation with the presence of
Fe-oxide inclusions or not. Amber-colored topaz is richer in
volatile elements such as As and depleted in the other ele-
ments (fig. 8). This indicates variations in the composition
of the fluids from which the topaz crystallized. During de-
gassing, the fluids separated and circulated towards the
open structures and cavities. The lava was altered by these
fluids, the elements were leached (bleached lava) and the
fluids were more and more enriched in both leached and
volatile elements. Colorless topaz, which first crystallized
at a temperature above 500oC, incorporated these elements
in its structure. Hematite inclusions are also observed
within topaz in the border of the open structures, that indi-
cates oxidizing conditions. When amber-colored topaz crys-
tallized after and at a lower temperature, below 500oC, the
fluids were impoverished in metallic elements, but enriched
in the most volatile element, As. These differences in trace-
element content recorded by topaz thus indicate element
fractionation in both space and time. Crystallization in a
closed system and in a very small dome do not permit a spa-
tial fractionation of the dissolved elements in the fluids and
both volatile and metallic elements are present in topaz
from Cerro El Lobo.
5 – According to two-feldspar and Fe-Ti oxide
geothermometry [Christiansen et al., 1980 ; Turley and
Nash, 1980] or to the studies of Naumov et al. [1971],
Christiansen et al. [1980], Turley and Nash [1980] and
Manning [1981], equilibration temperatures of 600o to
850oC are given for fluorine-enriched magmas in relation
with their fluorine content. The topaz-hosting cavities in
Cerro El Lobo are isolated and spherical-shaped, i.e. not de-
formed. Therefore they can only be formed after the forma-
tion of the dome, but before its complete solidification.
Cerro El Lobo is a very small dome and its cooling rate
must be high. Thus a temperature around 500oC for topaz
crystallization in such cavities could be interpreted as the
indication of the possible coexistence of magma, vapor
phase and topaz at such a low temperature in relation with
the extremely rapid cooling of all the system.
A similar interpretation can be given for Cerro El Gato,
but the volume of lava is higher and its cooling rate is
lower. Therefore it is possible to have an evolution in space
and time of the fluid composition. Topaz crystallized during
the formation of the anastomosed structures and recorded
both this fluid and temperature evolution.
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